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Abstract 
Vitrocerus is a processing method for MTR type fuel plates (Materials Testing Reactor) developed in the laboratory of 
Nuclear Materials at Bariloche Atomic Center which aims at producing a safe immobilization matrix for the potential 
provision of interim dry spent fuel from research reactors such type MTR.  
The present paper deals with the  sintering of simulated spent fuel, that is composed of uranium silicide (U3Si2) and 
aluminum, isotopically diluted in natural U3O8 and also with small additions of borosilicate glass (designated VG98/12), 
with composition: SiO2 VG98/12 (56.7%), B2O3 (12.4%), Al2O3 (2.6%), Na2O (17.5%), CaO (4.1%), MgO(2.1%) and 
TiO2 (4.6%) and Tg ~ 520° C. The glass has the function  to induce a liquid phase sintering at low temperatures, resulting 
in an enhancing of the hardness and densification of the final material. The simulated spent fuel is pre-oxidized before 
mixing with the glass. 
Studies were carried out  on the thermal behaviour through dilatometry measurements, differential thermal analysis, hot-
stage microscopy and X-ray diffraction, resulting in partial expansions at temperatures near 800°C. Then, these system 
probably densified by the action of a liquid phase from the glass VG98/12 or reaction with the spent fuel that will   
be immobilized. 
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1. Introduction 
Currently, spent fuels MTR type from research reactors are in decay pools in the vecinity of the reactors; 
undesired corrosion may appear on aluminum surface held for long term wet interim storage, and possible 
radionuclides could be released. In this context, in the division of Nuclear Materials CAB it has been 
proposed a treatment methods  in order to convert MTR fuel plates irradiated in a compact ceramic, searching 
that the radionuclides content in the fuel are immobilized and disposed in dry temporarily, waiting for a 
decision in their next step of  management. 
The method developed was called vitrocerus (spanish acronym that means vitroceramization of sintered 
uranium radioactive elements) Arboleda et al, 2011, consisting of simple physical procedures that 
were applied to a fuel miniplate containing U3Si2 (of 19.75% 235U assumed enrichment) and aluminium 
(which simulates a real MTR plate with non-enriched U). These were isotopically diluted with natural 
uranium oxide U3O8 with the purpose of avoid criticality problems and proliferation. Moreover, the method 
does not consider the removal of fissile material for reprocessing, neither the conventional vitrification by 
melting. 
2. Experimental Procedures 
A non-irradiated miniplate (MP) has been taken to simulate a burned MTR type fuel when it leaves the 
reactor, being the composition and size proportional to the standard plate. The MP was transversely cut in 
order to obtain pieces of miniplates of about 5mm which were calcined at 750°C with the purpose of make 
fragile aluminum, then subsequent ring-milling during two minutes. After heat treatment the corresponding  
weight increase due to oxidation was approximately 0.5%. 
The MP powder obtained from the milling, was mixed with natural U3O8 powder in a ratio of 11:1 
(11U3O8:1MP) in order to achieve an isotopic dilution, seeking to reduce the 235U enrichment approximately 
to 1.5%, nominally, burning of MTR type spent fuel is approximately 50% and when leaves the reactor, 
is about 9.9%. This enrichment remains high when undesired proliferation and criticality problems should be 
avoided. The material resulting from this mix is a set of powders of 40ȝm average particle size, the powders 
from the calcined and milled miniplates (of 38ȝm) representing 9.1%, plus natural uranium oxides U3O8 
(of 45ȝm) is the 90.9%, and also was added a 10wt% (mass MP + U3O8) of VG98/12 (32ȝm) [Kahl L et al. 
1982] in order to improve sintering. The VG98/12 is a borosilicate glass frit whose Tg ~ 520°C and used for 
the immobilization of high level wastes, the VG98 has a remarkable low viscosity at high 
temperatures, allowing it fluidity through the solid grains of uranium oxides. 
Pellets were produced by compactation of the powder at room temperature in air in a manual hydraulic 
press at pressures of 115 MPa average, using a cylindrical metallic matrix of 5mm in diameter.  A compact in 
green is obtained which have material dispersion. The next step is to heat it to achieve sintering, seeking to 
obtain a handleable material, of acceptable mechanical and chemical resistance suitable for the purpose of 
radionuclides immobilization.  
From the process of sintering, resulting tractable pellets with good mechanical strength properties, was 
characterized the densification of the samples. Studies were conducted on the thermal behavior of these 
materials by dilatometry studies in a Theta dilatometer Industries provided by the Materials Characterization 
Group (CAB), differential thermal analysis (DTA) (Netzsch on a STA 409 C), hot stage microscopy (HSM) 
were carried out in order to study the processes involved in the densification of the compound throughout 
the heating treatment, noting the effect of the glass in the material. HSM measures the change of surface area 
in relation to increased temperature through a serie of photographs of the sample and suggests that the 
onset of sintering occurs when the first shrinkage was detected. Final stage sintering corresponds to the 
maximum shrinkage recorded, so followed by a new expansion or not. 
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3. Results and Discussion 
3.1. Densification data 
Preliminary results of dilatometry in O2 flowing, and HSM in air (see Fig 1) indicate a significant linear 
densification end, around 11% for pellets with 10wt%  VG98/12  from the 900oC, always preceded by a   
dilatation, whose origin will be discussed in this paper. However, in all the measurements (HSM in 
particular) is recorded an apparent expansion behavior from about 550oC preceding the densification (from 
900-1000ºC), which appears independent of the measurement atmosphere. Analyzing the thermal behavior 
of the precursor materials, this expansion will be explained as follows. 
 
Fig. 1. Expansion / densification for a pellet with 10wt%VG98 
Fig 2(a) shows that there was an incomplete sintering of the compound without the addition of glass, where   
as for a pellet with 10wt% VG98/12 completes the process of sintering at approximately 1150oC (Fig 2b). The 
addition of glass, improves the densification process, increasing substantially the mechanical strength of the 
pellets [Arboleda, Rodríguez, and Prado, 2010]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Graph of variation of the area with the temperature of a pellet (a) without addition of glass and (b) with 10wt% VG98 
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The end of sintering in Fig 2(b) is marked by an expansion which could be assigned to a bloating effect 
due to degassing of the sample. The sintering in air Fig 2(a) was still continuing at 1150ºC the highest 
temperature of the experiment. 
Optical micrographs of the microstructure of the material with a minor addition of glass (10wt%) are 
shown in Fig 3(b); the sintering is achieved for the sample with glass at 1200ºC, while for compact that does 
not contain glass Fig 3(a), the sintering could be achieved at 1550oC [Randall M. G. 1996], this fact suggest a 
sintering assisted by the presence of liquid phase that could be effected only by the glass [Kingery 1959]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Micrographs of sample (a) without VG98/12 glass addition, (b) with 5wt%VG98/12 
3.2 Thermal Evolution of precursor materials 
In order to elucidate the mentioned notorious expansion, the powders that compose the vitrocerus material 
were analyzed in their evolution during heating. These were the VG98/12 glass, U3O8 used for isotope 
dilution and miniplates. 
Fig 4(a) shows the HSM curve for VG98/12 glass frit at 10oC min-1 in air atmosphere, in which is noted 
that the area remains constant until the time of sintering onset at T ~ 550°C, so there’s no evidence due to 
glass of the expansion/swelling that presented the compound with 10% glass. Similar measurements were 
conducted (not shown here) of the surrounding aluminum which forms miniplates (aluminium was previously 
calcined at 800oC), resulting in an increased area of the order of 17% to 1200oC, aluminum present in our 
material (about 4,5%), should contribute less (than 17%) to the expansion in the sintered pellets. In Fig 4(b) is 
shown SEM micrograph of the surface of sintered VG98/12 glass. 
 
 
Fig. 4. (a)Graph of the variation of the area with temperature for a U3O8 pellet and (b) SEM micrograph of final sintered glass  
a b 
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Meanwhile, Fig 5. shows a test under the same conditions, but this time for a sample of U3O8, where it 
appears an expansion of around 6% before the start of densification, this is the first major contributor to the 
expansion of our material and which represents 90% of the composition. However, in terms of oxidation is 
assumed that it is fully oxidized as revealed in the diffractogram of Fig 6 (peaks coincident with JCPDS # 01-
076-1850) corresponding to phase of U3O8. 
 
 
 
 
 
 
 
Fig. 5. Graph of the variation of area with temperature for a pellet of U3O8  
 
 
Fig. 6.  X ray diffraction and the respective analysis 
From the Differential Thermal Analysis (DTA) in Fig 7(a) and thermogravimetry (TG) in Fig 7(b), for the 
powder of calcined miniplates, it is found that despite two previous calcinations (at 750°C for 3 h and 800°C 
for 8h) still shows oxidation after 800°C. Furthermore, TG curve reveals an increase in mass of 5%. 
Additionally we analyzed a compact powder of calcined miniplates; the result is plotted in Fig 7(b), noting 
that after the experience, the length of the sample increased by 30% and a swelling area reached up to 79% at 
1050oC. Major oxidation products were corroborated by XRD analysis. 
In order to identify compounds formed during the sintering treatment, X ray diffraction analysis (XRD) 
showed in Fig 8 for miniplate powders product of the previous measurement. Phases were identified: 
primarily as uranium oxide U3O8 (00-031-1424), USi2 (00-033-1409) and Al4U (00-050-1516) 
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a)       b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. (a) DTA / TG of miniplates alone (b) HSM in air, for pellet made of powder of miniplates. 
 
 
 
 
 
 
 
Fig. 8. Diffractogram and its analysis for calcined miniplates after the measurement in the HSM  
It is concluded that the compounds formed during sintering correspond to uranium oxides, which have a 
lower density than before treatment. These oxidation reactions are responsible for the swelling and the 
decrease in density in the compact. 
This oxidation should be induced, prior to the powder compaction and sintering, so it was decided to 
calcine a second time but now at 950oC, being the increase in mass after oxidation aproximately about 1.6%. 
By the other hand, an initial batch was taken to be milled and sintered once again 
 
4. Discussion 
After the second sintering, it was achieved a densification of 20% of the compact sintered respect to those 
in green, the results of HSM are shown in Fig. 9c which revealed that due to the complete oxidation (to 
950°C) of the powder of miniplates is not presented the swelling previously noted, showing a decrease from 
25% to 2% expansion in area at 800°C, while a decrease of 3% in area was noticed.  
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In the interest of application of the method in a real spent fuel, it is desired that the occupied volume 
should be reduced, that is, the material should exhibit an acceptable density. If there isn’t a complete 
oxidation of plates, before the pressing and sintering, such desired increase in density will not be achieved. 
 New compounds formed during the process has been identified, we estimate that the reactions of oxidation 
and establishment are the responsible of the poor densification and the high swelling of the pellets. The 
addition of a different kind of more stable and refractory glass like ironphosphate is being tested to give 
stability to the system.  
It has been advanced in the identification of reactions that inducing the expansion and sintering. However, 
it is needed to study further the phases resulting from interactions of U3Si2, Al, O2, U3O8 and glass in order to 
clarify their roles on, for instance, in chemical durability behaviour as well as mechanical properties of final 
sintered composites. Furthermore, in future analysis the kinetics of sintering will be studied using the 
available diffusion models.  
It is advisable to continue the identification of the changes during the treatments of the system, through 
high temperature XRD measurements. 
 
 
Figure 9. Micrographs for sample with 8wt% VG98/12 (a) first batch (b) sintered twice (c) HSM of sample (b) 
5. Conclusions 
Preliminary results have been presented in terms of the study of a complex material formed for a mix of 
uranium oxides and it is compared with another similar material but with a small addition of glass VG98/12. 
This exhibits an overdone swelling, although by the resintering it was possible to remove the majority 
of the expansion.  
Different characterizations were performed in order to estimate the final material composition and the 
nature and of reactions encountered during treatment, but we have much still to elucidate due of the lack of 
knowledge and the novelty of these systems and its behaviour through the heating. 
Although  a couple of calcinations were made at 750oC for 5hs to make the fuel plates fragile allowing the 
milling operation be milled, with this temperature the compound does not reached the proper degree of 
oxidation in order to stabilize itself.  
Heating to achieve sintering of the system described, resulting in a first expansion this was attributed 
to oxidative interactions and / or formation of aluminides and silicides of uranium. The system then densifies 
at~900°C and is due to the action of liquid phase, which is formed in the system. 
Through the complete previous oxidation of the fuel plates, and through resintering, it could achieve 
an acceptable densification (20% compared to the green pellets). 
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